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1.
Introduction:
In recent decades, the incidence of microbial infections in humans, particularly those involving the skin and mucosal surfaces, has increased considerably. A concomitant and dramatic increase of cases of immunocompromised patients which frequently develop opportunistic and superficial microbial infections has also been reported recently (1) . In addition, the abuse or misuse of antibiotic and antimycotic drugs has led to appearance of multiresistant strains. Therefore, microbial diseases have emerged as an important public health problem associated with an increased rate of mortality and morbidity, as well as a rising economic burden (2, 3) . Therefore, the development of new and effective antimicrobial compounds is urgent. In this matter, natural substances, particularly essential oils, have attracted a great deal of interest (4) . In fact, essential oils may offer an alternative source of antimicrobial agents because they contain a wide range of bioactive chemicals with both specific and general antimicrobial potential (5, 6) . They can be viewed as examples of evolution-optimized mixtures of natural products that can inspire the discovery of bio-inspired synthetic synergistic systems.
South-West Asia is a region with high Apiaceae diversity. This family is well represented in Lebanon with at least 56 genera and 120 species (7) . Species in the Apiaceae family are very important in the pharmacopeia of the Middle East and the rest of the world (8) .
For this study, the relationship between the antimicrobial potential and the chemical composition of four wild Apiaceae species essential oils used in the Lebanese traditional medicine (9, 10, 11) was investigated. To the best of our knowledge, little information is known about the phytochemical composition and antimicrobial activity of Ferula elaeochytris and Prangos asperula EOs.
Therefore, it was interesting to put into perspective those two oils in terms of composition and biological activity, as well as, the EO of other species widespread in Lebanon and belonging to the same family.
2.

Experimental:
2.1.
Plant material:
Specimens of the four Apiaceae species were collected as follows:
-Flowers from Daucus carota were collected from a natural stand from the region of 
Essential oil extraction:
The essential oils (EOs) were obtained by hydrodistillation performed for 3 h using a
Clevenger-type apparatus according to the European Pharmacopoeia (15). The D. carota flowers yielded 0.23 % EO (253.9 g of plant material were used to obtain 0.6 ml of EO), the F. elaeochytris fruits yielded 0.86 % EO (266.6 g of plant material were used to obtain 2.3 ml of EO), the P. asperula fruits yielded 0.52 % EO (341 g of plant material were used to obtain 1.8 ml of EO) and the S. olusatrum flowering tops yielded 0.12 % EO (457.8 g of plant material were used to obtain 0.7 ml of EO).
2.3.
Essential oils analyses:
GC analyses
Analytical gas chromatography was carried out on a Thermo Electron Corporation gas chromatograph fitted with a DB-5 MS capillary column (30 m × 0.25 mm) with 0.1 µm film thickness or a fused silica HP Innowax polyethylene glycol capillary column (50 m × 0.20 mm, film thickness 0.20 µm). Helium was the carrier gas (0.7 ml/minute). The column temperature was initially set to 35˚C before being gradually increased to 85˚C at 5˚C/minute, held for 20 minutes at 85˚C, raised to 300˚C at 10˚C /min and finally held for 5 minutes at 300˚C. Diluted 1 µl samples (1/100, v/v) were injected at 250˚C manually and in the splitless mode. Flame ionisation detection (FID) was performed at 310˚C.
GC/MS analyses
The GC/MS analyses were performed using an Agilent gas chromatograph 6890 coupled with thickness 0.20 µm) was used. Helium was the carrier gas (0.7 ml/minute). The oven temperature program was identical to that described in 2.3.1. The mass spectra were recorded at 70 eV with an ion source temperature of 310˚C and a transfer line heated to 320˚C. The acquisition was recorded in full scan mode (50 -400 amu).
Identifications and quantifications
Most constituents were identified by gas chromatography by comparing their retention indices (RI) with those from the literature (16, 17) or with those of authentic compounds obtained from Sigma-Aldrich (Lebanon). The retention indices were determined relative to a homologous series of n-alkanes (C8 to C24) analysed under the same operating conditions. Table 1 .
Identification of the main furanosesquiterpenes of Smyrnium olusatrum L. EO by NMR spectroscopy
The nuclear magnetic resonance (NMR) spectra ( The NMR spectra were recorded on a Bruker 500 MHz spectrometer equipped with a 1 mm inverse detection probe.
The characteristic signals are as follows: 1 
2.4.
Antimicrobial activity:
Microorganisms
The antimicrobial activity of the essential oils was investigated against Gram (-) bacterial 
Microdilution method
The broth microdilution method was used to determine the minimal inhibitory concentration Table 2 .
3.
Results and discussion:
3.1.
Essential oils analyses:
The chemical compositions of the four Apiaceae essential oils are reported in Table 1 1D and 2D NMR analyses were performed on the crude oil to differentiate these two isomers; curzerene could not be detected, while its precursor (furanodiene, 1) was the major component. Therefore, the GC peak attributed to cuzerene should be treated as a second peak for furanodiene (1), accounting for 44.6 % of the EO. NMR also confirmed the identification of the second major compound: furanoeremophil-1-one (3). Italy and Portugal).
Antimicrobial activity:
The minimum inhibitory concentrations (MICs) of the four Apiaceae essential oils are presented in Table 2 . An oil was considered active if the minimal inhibitory concentration was 128 µg/ml or below (27). The different pathogens were diversely sensitive to the EOs. ( Table 2) 4.
Conclusion:
The present study demonstrated the effective antimicrobial activity of the EOs from the 
